



































































































































































































































































































































































Structure of Liquid water
The ocean currents 
Source: https://en.wikipedia.org/wiki/Ocean_current . Public domain





























































































































Structure of Liquid water
The ocean currents 
Source: https://en.wikipedia.org/wiki/Ocean_current . Public domain
Dr. Michael Pidwirny (see  ) - http://www.physicalgeography.net
http://blue.utb.edu/paullgj/geog3333/lectures/physgeog.html 
phenomenon	is	one	of	reasons	for	the	monsoon	
patterns	in	India.	On	a	much	smaller	scale,	
swimming	pools	feel	cool	on	a	hot	day	(the	water	
has	not	warmed	very	much)	and	warm	on	a	cool	
morning	(since	it	has	not	cooled	too	much).
Water	has	large	heats	of	fusion	and	vaporisation,	
i.e.	it	takes	a	lot	of	energy	to	convert	ice	at	0°	C	to	
water	at	0°C	and	water	at	100°C	to	steam	at	
100°C.	Transpiration	in	plants	and	perspiration	in	
animals	help	them	get	rid	of	excess	metabolic	
energy	by	using	it	to	evaporate	water,	and	cool	
their	bodies.
All	these	properties	of	water	are	explained	by	the	
strength	of	the	hydrogen	bonds,	but	water	has	
other	properties	that	are	not	so	easily	explained.	
When	liquids	are	cooled	they	contract	since	the	
molecules	that	make	them	have	less	energy	at	
lower	temperatures	and	are,	thus,	closer	together.	
This	contraction	continues	till	liquids	freeze.	So,	
usually,	solids	are	denser	than	their	liquids.	As	
water	cools,	its	density	increases,	till	it	reaches	
4°C;	then	begins	to	decrease.	Ice	is	less	dense	than	
liquid	water,	as	is	obvious	when	you	see	ice	
floating	in	your	glass.	This	has	profound	
implications	for	aquatic	life	in	colder	climates.	As	
the	weather	gets	colder,	surface	water	cools	down	
and	sinks	to	the	bottom.	This	process	continues	
till	the	temperature	reaches	4°C	and,	then,	the	
cooler	water	stays	on	top,	since	it	is	less	dense.	
When	water	freezes,	it	does	so	from	the	top,	and	
the	rest	of	the	lake	for	example,	stays	at	~	4°C.	All	
the	aquatic	organisms	in	the	lake	can	thus	survive	
winters	in	relative	warmth.	On	the	other	hand,	the	
expansion	when	water	freezes	in	cracks	within	
rocks	causes	physical	weathering.
Many	properties	of	water	show	this	kind	of	
behaviour	-	not	changing	continuously	with	
temperature,	but	showing	a	minimum	or	
maximum.	
1.	Heat	capacity	goes	through	a	minimum	at	35°C.	
Most	liquids	show	a	continuous	rise.	
2.	Compressibility	-	Water	is	very	difficult	to	
compress.	Unlike	most	liquids,	water	has	a	
minimum	at	~46°C.	This	property	allows	
organisms	(both	plant	and	animal)	to	use	water	
as	a	skeletal	material.	Plants	are	turgid,	and	wilt	
when	they	lose	water.	Jellyfish,	earthworms,	
and	other	animals,	have	water	as	a	skeleton.
3.	Speed	of	sound	in	water	-	increases	up	to	74°C,	
and	then	starts	to	fall.
These	are	just	a	few	of	the	properties	that	show	
that	water	behaves	differently	from	most	liquids.	
A	lot	of	current	research	is	focussed	on	explaining	
why	this	may	be	so.	
At	room	temperatures,	water	molecules	are	in	
loose	clusters,	held	together	by	hydrogen	bonds	
and	exchanging	partners	rather	readily.	As	the	
liquid	begins	to	cool,	the	clusters	begin	to	move	
into	more	open-ended	arrangements,	forming	
four	hydrogen	bonds	each.	So,	ice	has	a	more	open	
structure	than	water,	and	is	less	dense	and	more	
insulating.	As	ice	melts,	about	~	15%	of	its	H	
bonds	are	broken,	reducing	its	volume.	As	more	
energy	is	given	to	this	process,	the	temperature	
rises,	and	more	hydrogen	bonds	are	broken,	
increasing	the	density	of	water.	But,	water	
molecules	move	further	apart	from	each	other	at	
higher	temperatures,	decreasing	the	density	of	
the	liquid.	The	balance	of	these	two	opposite	
processes	gives	water	a	maximum	density	at	4°C.	
The	same	interplay	between	open	and	closed	
hydrogen	bonded	structures	give	rise	to	the	
anomalous	structure	and	properties	of	water	that	
continue	to	remain	a	hot	topic	of	research.
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